In this study, a commercial polycarbosilane (PCS) and divinylbenzene (DVB) were used as the preceramic polymer precursor and crosslinking agent, respectively to form porous silicon carbide (SiC) ceramics by freeze casting PCS/camphene/DVB solutions. Porous silicon carbide (SiC) with a dendritic pore structure and connecting bridges was obtained after pyrolysis at 1200 °C. 
Introduction:
Silicon carbide (SiC) ceramics have received much attention due to their excellent physical and chemical properties, including low density, high melting point, good thermal shock resistance, and excellent chemical inertness [1] [2] [3] [4] [5] . The theoretical density of SiC is 3.2 g/cm 3 , which is favourable for fabrication of light weight structural materials [6] . Compared with its dense counterpart, porous SiC ceramics have larger surface areas and better thermal shock resistance, which are important properties for applications in catalyst supports [7] [8] [9] , filters for hot gas [10] or molten metal [11, 12] , membrane supports [13] [14] [15] and porous bio-implants [16, 17] .
Therefore, porous SiC ceramic is one of the most widely used non-oxide ceramics in many industrial applications. The large band gap of SiC materials makes them suitable for harsh environment/high temperature sensor applications [18, 19] , while porous SiC ceramics have good electromagnetic wave absorption properties and make them of interest as stealthy materials [20] .
The applications of porous SiC ceramics are not only governed by the physical and chemical stabilities of SiC itself, but also the pore characteristics and the mechanical properties [21, 22] . Commonly, porous SiC is fabricated by powder processing, involving high temperature sintering up to 1900-2000 °C. It is worth noting that much effort has gone into the use of preceramic polymer precursors to generate porous silicon carbide materials, including sacrificial templating [23, 24] , blowing [25, 26] , etching [27] , emulsions [28] , aerogels [29] , etc. Preceramic polymer 4 precursor derived ceramic processing is a simple method to produce high temperature ceramics with low sintering temperature and good formability [30] [31] [32] , utilizing preceramic polymer precursors such as polysiloxane (PSO), polysilazane (PSZ), polycarbosilane (PCS) and polyborosilazane (PBSZ).
Freeze casting is a convenient and attractive method for fabricating porous materials [33] . The key parameters of freeze casting, such as cooling rate, solid loading and solvent etc., can be utilized to modulate the pore characteristics at multiple scales, ranging from micro [34, 35] Divinylbenzene (DVB, mixed isomers, purity = 80%, Shanghai Aladdin biochemical Co. Ltd., Shanghai, China) was utilized as the cross-linking agent.
Processing
Firstly, the PCS powder was dissolved in hot camphene at 60 °C and stirred for 3 h to Fig . 7 shows the FT-IR spectra of samples with different DVB/PCS mass ratios after 14 freeze drying, but before pyrolysis, compared with the spectrum of a pyrolyzed sample The observed bands matched well with those reported in the literature [25, 37] .
Results and discussion
All spectra show stretching peak at 795 cm −1 is assigned to Si-C bonds. For pure PCS, previous literature reported that when camphene was used as a solvent it did not alter the chemical structure of the PCS polymer [37] . Indeed, typical peaks for pure PCS are found in the spectrum of the uncross-linked PCS. For the cross-linked PCS samples, several additional weak peaks at 1434 cm -1 and 1643 cm -1 are observed in the spectra compared to that of the uncross-linked sample which originate from the bending vibration of the C=C bond in the aromatic ring of DVB. The Si-H absorption band at around 2100 cm -1 is weaker in the spectra of the cross-linked samples than in that of the uncross-linked PCS, due to hydrosilylation with the vinyl groups of DVB (Eqn 1), and on pyrolysis disappears completely, indicating conversion into the ceramic. Comparing the spectra of the cross-linked PCS samples, it is evident that the degree of cross-linking increases with increasing DVB content [42] . The results demonstrate that PCS was successfully converted into SiC ceramic after pyrolysis.
15 Fig. 7 FT-IR spectra of (a) to (e) studied samples prior to pyrolysis and (f) the 0.2 DVB/PCS sample after pyrolysis. (111), (220), (311) planes of this phase (PDF#01-1119) [37, 48] . 9.9 MPa. Higher levels of DVB content, i.e. 0.4 and 0.6, led to stronger polymer gelation during the solution preparation and the freeze casting, which caused variation of the pore morphology and the corresponding compressive strength [49] . The 0.1 DVB/PCS sample had relatively low porosity; the shrinkage was not only larger for this sample, but it also failed to maintain its cylindrical shape. This is due to the fact that the extent of cross-linking was relatively low (the 0.1 DVB/PCS ratio corresponds to only around 9% of the stoichiometric maximum DVB/PCS ratio). In contrast, for the 0.2 DVB/PCS mass ratio sample (corresponding to around 18% of the stoichiometric maximum DVB/PCS ratio), the cylindrical shape was maintained. 
Conclusions
Porous silicon carbide (SiC) ceramics with low oxygen content were prepared by freeze casting using divinylbenzene (DVB) as a cross-linker for polycarbosilane MPa found for samples with 20 wt. % PCS and a 0.2 DVB/PCS mass ratio.
